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ABSTRACT

The Coralliophilinae are a subfamily of Muricidae, with about

200-250 species, mostly from temperate and tropical oceans,

that are associated wdth anthozoans on which they feed. We
present here a phylogeiretic Ip'j^rothesis for the subfamily, based

on DNAsequences (650 aligned positions) of the mitochondrial

12S rDNA from 42 coralliophilines and six other mnricids, as

well as one fasciolariid, which seives as the outgroup. Relation-

sliips among tire muricid subfamilies were not resolved unequiv-

ocally, but coralliophiline monophyly was strongly supported.

Two major clades emerged wdthin the Coi'alliophilinae, Irotli

well supported in a Bayesian analysis. The genera Cora}lioj)hila

and Bahelcnniircx as commonly understood, are clearly pol\qihy-

letic, and in need of redefinition. Our results indicate multiple,

independent incursions of Coralliophilinae into deep water

habitats, several producing subsequent I'adiations.

Additional keijwords: Neogastropoda, Coralliophilinae, Coral-

liophila, Babelomiirex^ 12s rDNA

INTRODUCTION

CoraUiophilo and related genera (e.g., Babelomtirex,

Latiaxis, Lcptoconchus, and Quoijido) comprise the ninr-

icid subfamily Coiyilliophilinae, a highly diverse lineage of

neogastropods that contiiins tippro.ximately 20()-250

described species distiibnted worldwide, mostly in warm
temperate and tropical oceans. These species are tradition-

ally partitioned among 7-10 genera based on shell mor-

phology. The known fossil recoixl foi‘ coralliophilines

extends to at least the middle Eocene (circa 40 Ma). All

species for which the ecology is known are symbionts (ecto

or endobiotic) of anthozoans (including sea-anemones,

gorgonians and reef-building coral species), on which they

feed.

The Coralliophilinae are well represented in deep
water faunas of the tropical and subtropical Atlantic and

Indo-Pacific oceans. Deep habitats are those in e.xcess of

100-150 m, which is the depth limit lor hermaRpic
scleractinians. Beyond tliese depths, they are replaced

by Alcyonaria, Stylastei'ina and Porifera. In temperate

regions, these depth limits are likely to lie closer to the

surface, in the range of 50-100 m (mostly dependant on

the turbidity of the water), where marine phanerogams

and green algae (along with the non hermahqoic zoox-

anthellate hexacorals) are progressively replaced by

sponges, red algae, and octocorals.

A detailed, quantitative analysis of shallow and deep
faunas by area lias not yet been conducted. However,

even a conseiwative approach (i.e., extrapolating the

“tropical" bathymetric boundaiy of 100-150 m to all

regions) reveals a higli proportion of deep-water species

within Coralliophilinae, ranging between 65-80% for

most regions, with a global average of 75% (Oliverio,

2008a, 2008b, In press; Marshall and Oliverio, In press;

AI. Oliverio and C. Smriglio, pers. obseiw.)

In the absence of a detailed fossil record of the Cor-

alliophilinae, it is unclear whether the group originated

in shallow water, writh sulisecjnent colonizations of deep
water habitats, or if the ancestral members of the sub-

family evolved in deeper waters, with snbse(juent inva-

sions of photic habitats. A phylogenetic framework
would aid in distinguishing behveen these mntnally ex-

clusive evolutionaiy scenarios.

Previous studies based on the morph olog)'' of digestive

and reproductive systems, along with data on develop-

mental and alimentaiy ecolog)^ (Richter and Liu|ne,

2002), indicated monophyly of coralliophilines, with sig-

nificant differences from the muricid haujtlaii, suggesting

a derived, monophyletic radiation from an early mnricoi-

dean ancestor. Freliminaiy molecular phylogenetic studies

(Oliverio and Alariottini, 2001; Oliverio et ak, 2002),



Page 114 THE NAUTILUS, Vol. 123, No. 3

despite limited taxonomical coverage (11 species, ~5%of

the knowni species), clearly showed that coralHophiliues

originated within the mnricid radiation, inchcating a

probable sister group relationship with the rapanine

lineage(s).

W’e present herein a phylogenetic study based on par-

tial secjnence of the 12S rDNA (a portion corresponding

to domain III), perlormed on 35 coralliophiline species

(i.e., circa 15% of their knowai species diversity) and

seven outgronp taxa. The goal ol this study is to uncover

the relationships of the Coralliophilinae within the fami-

ly Mnricidae, and of as many genera as possible within

the subfamily.

MATERIALSANDMETHODS

T.aXON S.XMPLING ANDSPECIMENCOLLECTION: A total of 41

secjnences were analyzed in this study. Of these, 12 were

derix'ed from previous works (Olwerio and Alariottini,

2001; Oliverio et ah, 2002; Mariottini et ak, 2005). Thirty

new seipiences were determined witli tlie goal of enlarg-

ing the taxonomic coverage to include as much of the

morphological dwersity of the Coralliophilinae as possi-

ble. Taxon names, localiU data, voncher information,

and EAIBL (The European Molecular Biology Labora-

toiy, Heidelberg) accession numbers are provided in

Table 1. Fasciolaria lignaria (Easciolariidae) was select-

ed to seiwe as the outgroup for our secjuence analyses.

\'oncher specimens of most samples are stored at Aluseum

national dTIistoire naturelle (MNHN, Paris) and at Dipar-

timento di Biologia Aniniale e deH’Uomo (DBAU, Borne).

Double ID in Table 1 indicates that the piimaiy voucher is

stored at AIN I IN and tissue samples of the v oucher and/or

specimen(s) fnvin the same lot are stored at DBAU.
Sequences from six muricids, representing fwe addi-

tional subfamilies were included in our analyses in order

to I'eassess the monophyly of Coralliophilinae, and the

sister group relationship with the Rapaninae that was pre-

viously hvpothesized by Oliverio and Alariottini (200]).

DNA E.xtraction, PCR, Cloning and Sequencing:

Total DNAwas extracted following a standard Phenol/

Chloroform/Ethanol protocol (Hillis et ah, 1990) with

slight modification as previously described by Olwerio

and Alariottini (2001). DNA from difficult samples was

e.xtracted by the QIAGENQiAmp Extraction Kit, accord-

ing to rnannlactnrer s instructions. DNA from formalin-

fixed samples was extracted with the standard pi'otoccrl

after washing the tissue sample 3-5 times with PBS.

Partial .secpieiices ol the mitochondrial gene encoding

the 12S libosomal DNAwere PCB amplified, with the

primers 12SI (5ETGCCAGCAGCCGCGG4TA-3')and

/2S7// (5'-GAGCGAGGGGGGBTTAVGTAC-3')(Oliverio

and Alariottini 2001 ). Amplification conditions w^ere as fol-

lows: 94°G for 30 seconds, 45-50°G for 30 .seconds, 72°G
for 60 seconds (30-35 cycles). The PGR products were

purified n.siug the Exo-Sap enzymatic method, and double

.strand .sequenced u.sing tlie PGRprimers. Sequencing was

performed by Alacrogen Inc. (Seoul, Korea). Gliromato-

grams w^ere analysed by Staden Package (Version 1.6.0,

Staden et ak, 1998, 2005). All sequences have been depos-

ited at EMBL(see Table 1 for accession numbers).

Sequence and Phylogenetic Analysis: The 12S seque-

nces were aligned using the default settings in ChistalX

(Thompson et ak, 1997) and then manually edited. Se-

quence data were analyzed for their fit (AIC criterion) to

different models of nucleotide substitution using Alod-

eltest w 3.7 (Posada and Grandall, 1998) and AlrAIodelt-

est V. 2.2 (Nylander, 2004) w4th the package PAUP* v.

4.01)10 (Swofford, 2002).

Analysis of the nucleotide sequence was performed

using Mega3.1 (Kumar et ak, 2004). The uncorrected

painvTse distances (/)) and the MLdistances (i.e., paiiAvise

distances corrected by the assumed model of evolution

estimated) between the sequences were calculated. To
test for the presence of mutational saturation, uncorrect-

ed ]) distances, transition (Ts) and transv^ersion (Tv) were

plotted against the estimated MLdistance (Nichols, 2005;

Philippe et ak, 1994). The aligned sequences were ana-

lyzed under the assumptions of miuximum likeliliood

(ML: Eelsenstein, 1981) and by Bayesimi inferences

(BI), using the packages Treefindei' (}obb, 2007) and

MrBayes v. 3.1.2 (Bonquist and Hneksenbeck, 2003), re-

spectively. Support to the nodes was calculated for ML
trees by using the Exq^ected-Likeliliood Weights (ELW:
Strimmer and Bambaut, 2002) and bootstrap (bs) for

1000 replicates, as computed in Treefinder. A Bayesian

analysis (BI) was performed to obtain posterioi' probabil-

ities of branches using the software MrBayes, wdiich

adopts the Alarkov Chain Alonte Carlo method to

sample from posterior densities (Larget and Simon,

1999; Yang and Rannala, 1997). The model of ev^olution

w^as the one chosen by AlrAIodeltest. A four chain me-

tropolis-coupled Alonte Carlo analysis was run twice in

parallel for 1.5 x 10*’ generations, and trees were sampled

eveiy 100 generations, starting after a burn-in of 375,000

generations. Bayesian posterior probabilities (kvpp) were

estimated on a 50% majority rule consensus tree of the

sampled trees (after burn-in).

RESULTS

Partial seijuences of the 12S ribosomal rRNA genes

w^ere detei niined and analyzed to explore the phyloge-

netic relationships among coralliophilines representing

34 species in 7 genera. The resulting sequences ranged

in length from 507 bp in Com/ftep/ri/r/ jxntormitana

( Alonterosato, 1869) to 548 bp in Hexaplex truuciiliis

(Linnaeus, 1758) excluding the primers. The multiple

secpience alignmeut resulted in a total of 563 nucleotide

positions, including gaps.

Alodeltest and AIrModeltest estimated the GTB+I+G
model (ot = 0.7948; Pinvar = 0.2336) as the relativ/ely

best-fit model of nucleotide substitution for the dataset.

The mutational saturation analysis (not showTi) indicated

that transitions started becoming saturated at a AIL dis-

tance corresponding to inter-snbfamilial comparisons.
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Table 1. Species included in tlie molecular analysis, with voucher ID (BAU: Dept ot Animal and Human Biolog)', Rome; MNIIN,
Museum National d’Histoire Naturelle, Paris; NMSA: Natal Museum, Pietermaritzburg), collecting data, and EMBLaccession

numbers. OAI2001 refers to Oliverio and Mariottini (2001), MSR2005 to Mariottini, Smriglio and Rolan (2005). II two IDs are given,

the primaiy voucher is stored at MNHN(see te.xt).

EMBLAccession

Numbers

Eamily Subfamily Specimen ID LocaliW 12S Ref.

Muricidae

Coralliophilinae Bahelomurcx amaliae

(Kobelt, 1907)

BAU00332 Asty^ralaya Is. (Greece) 36°33'

N, 026° 22’ E, 35 m depth
AJ293671 OM200I

Babelomurex anuatiis

(Sowerby, 1912)

MNIIN IM-2009-5110

BAU00333
Balicasag Is. (Pliilippines),

tangle net. 9°30’50" N
123°41’16" E, 150 m rlepth.

FN.3919.55 This work

Bahelomu rex ca rin ifents

(G. B. Sowerby 11, 1S34)

MNHNIM-2009-5111

BAllot )334

IJstica Is. (Sicily, Italy), It) m
depth

FN.3919.56 This work

Babelomurex hernardi

Nicolay, 1984

MNHNIM-2009-5112

BAU00335
C d’Ivoire, intertidal. FN.39 19.57 This work

Bahelomu rex e rista iu .s

(Kosuge, 1979)

MNHNIM-2009-5094

BAU00004
Panglao Is., Alomo Beach

(Philippines), Panc;lao 20t)4,

St. P4. 9°36’ N, 12.3° 45’ E,

80 m depth.

FN.39 19.58 This work

Babelomurex debit rohiae

(Reeve, 1857)

MNHNI M-2009-5095

BAU00002
Bohol Island, Maribohoc Bay

(Philippines), Panc;lao 2004,

,st. PI, 9°.36’ S, 12.3° 45’ E,

9t)-20t) m depth.

FN.3919.59 This work

Bahelomu rex d tad emu
(A. Adams, 1854)

MNHNI M-2009-5096

BAU00003
Boliol Island, Maribohoc Bay

(Philippines), Panglao 2t)04,

St. PI, 9°.36' S, 12,3°45’ E,

9t)-2t)t) m depth.

FN.39 1960 This work

Babelomurex gemmatus
(Shikama, 1966)

MNHNI M-2009-5097

BAU00013
Panglao Is., MomoBeach

(Philippines), Panglao 20t)4,

St. P4. 9°.36’ N, 12.3°45’ E,

80 m depth.

FN391961 This work

Babelomurex lisclikeauus

(Drinker, 1822)

MNHNIM-2009-5098

BAUOOOlO
Nord Bellona (New Caledonia),

Ebisco 2t)t)5, St. DW2578,
20°21’ S, 1.58°4t)' E, 44t)-505

m depth.

FN.391962 Tins work

Babelomurex uakai/asui

(Shikama, 1970)

MNHNIM-2009-5099

BAU()0005

Bohol Island, Maribohoc Bay

(Philippines), Panglao 2004,

St, PI, 9°.36’ S, 12.3°45’ E,

90-200 mdepth.

FN.39196.3 This work

Babelomurex priucep.s

(Melvlll, 1912)

MNHNIM-2009-5I00

BAU00355
Norfolk Ridge (New Caledonia),

Norfolk 1, st. CP171.3,

2.3°22’ S, 168°t)2’ E,

204-216 mdepth.

FN.39 1964 Tins work

Bahelomu rex spiiiosu

s

(llirase, 1908)

MNHNIM-2009-5101

BAllot )006

Banc Kelso (New Caledonia).

Emsco 2005, st. DW2520,
24°t)6’ S, 1.59°41’ E,

.350—400 mdepth.

FN.39 1965 This work

Babelomurex iiamatoensis

Kosuge, 1986

MNHNIM-2t)t)9-5102

BAUt)t)t)ll

Banc Nova nord (New
Caledonia) Ebisco 2t)t)5,

st. DW25.33, 22° 18’ S,

1.59°28’ E, .36t) mdepth.

FN.39 1966 This work

Babelomurex i/umimanimai

Kosuge, 1985

MNHNIM-20t)9-5103

BAllot )336

Scorff passage (Vanuatu),

Santo 2t)t)6, st. EP12,

L5°.32’ S, 167° 15’ E, 97 m
depth

.

FN.39 1967 This work

Corallio])liila bre vis

(Blainville, 1832)

BAllot )337 La Maddalena Is. (Sardinia,

Italy), 41° 15’ N, 009°26’ E,

30 mdepth

AJ293676 OM2001

Corallioplula bulbiformis

(Conrad, 1837)

MNHNIM-2t)t)9-5I04

BAUt)0t)12

Baldw'in Bay (Vanuatu), Santo

2006, st. ER.58, L5°.35’S,

167°02’E, .3-18 mdepth

FN.391968 This work

(Continued)
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Table 1. (Continued.)

Family Snhl'ainily Specimen ID Locality

EMBLAccession

Numbers

12S Rel.

Coralliophila carihaea BAU00338 |nan Dolio, Santo Domingo,

15 mdepth
AJ293677 OM2001

ComUiophila clatlirala

(A. Adams, 1854)

BAII00339 Mtwalnme, Natal (South Alrica)

intertidal rock pools (D.

Herbert leg, 14.iii.l986)

FN391969 This work

ConiUinphihi costiilaris

(Lamarck, ISlfi)

MNHNlM-2009-5113

BAU00340
Darsa Is., N side, Soqotra

Archipelago (Yemen), 7 m
depth, 9.ii.2000

FN391970 This work

ConiUiophiUi crosa (Kciding,

1798)

MNHNlM-2009-5105

BAU00341
East Malo Island (Minnatu),

S.\NTO 2006, St. DB86,
15°38’S. 167°15'E, 13 m
deptl 1

FN391971 i liis work

CordUiaphilu foulanan0<yiii

Smi'iglio and Mariottini,

2()()o"

MNHNlM-2009-5114

BAU00342
Teno Snr, I'enerife, Canai'y Is.

(Spain), 28°20'30" N
16“55’30" W, 15 mdepth

20.11.94 on Madracis

asperida

FN391972 This work

Corallioj)liila kaofitonim

Vega-Lnz, Vega-Lnz and

Liujne, 2002

MNHNlM-2009-5115

BAU00343
Teno Snr, Tenerite, Canai'y Is.

(Spain), 28°20'30" N
16°55'30" W, 32 in depth

20.1 1.94 on Antipates

woUastoni

FN391973 This work

Coralliophihi mcijendorffU

(Calcara, 1845)

BAU00344 Cape Circeo (Latinm, Italy),

4U1L N, 01,3°04' E, 7 in

depth

AJ297519 OM2001

Coralliophihi vioUicea

(Kiener, 1836)

BAU00345 Taiwan, 23°10'N, 120°05’E 5 m
depth

AJ293679 OM2001

Coralliophihi panormHaua
Monterosato, 1869

BAU00346 Cape Circeo (Latinm, Italy),

4U1L N, 013°04' E, 70 m
depth

AJ293681 OM2001

Coralliophihi radiila

(A. Adams, 1855)

BAU00015 Rarotonga (Cook Islands),

21°12'^S 159°43'W, 12 in

ilepth.

FN391974 This work

Coralliophihi sipiainosissima

(E. A. Smith, 1876)

NMSAD9663 Boteler Point, Zululand (South

Africa). 27°00’42" S 32°52’00"

E, intertidal rock pools,

amongst Pah/thoa sp. July

1987"

FN391975 I'his work

Coralliophila triaoi

Mariottini, Srnriglio, and

Rolan, 2005

BAU00347 Camarillas, Calicia (Spain),

northeastern Atlantic Ocean,

15-50 mdepth

AJ937305 MSR2005

Hii'tomiircx filiaregis

(Knrohara, 1959)

MNHNlM-2009-5106

BAU00014
West Bellona (New Caledonia)

Ebi,sco 2005 St. 14W2549,

2U07 '

S, 158°38’ E, 330 m
depth.

FN391976 This work

Laliaxis haipishii (Shikama,

1966)

MNHNlM-2009-5116

BAU00348
Norfolk Ridge, 23°45'S,

168°17'E, 400-500 mdepth.

FN391977 i liis work

Laliaxis pilshri/i Hirase,

1908

MNHNlM-2009-5107

BAU00008
Banc Nova north (New

Caledonia) Ebisco 2005, st.

DW'2534, 22° 17' S, 159°28'

E, 390 m depth.

FN391978 This work

Lcptoconchus sp. MNHNIM -2009-5 108

BAU00062
Panglao Is., Snngcolan

(Philippines), Panglao 2004,

,st, R47, 9°39’ S, 123°49' E,

4-25 111 depth.

FN391979 Iliis work

Qiioijula moitodoiila

(Sowerlry, 1832)

BAU00349 Bnnaken Is. (Sulawesi,

Indonesia), 01°37'N,

124°46'E.

AJ293675 OM2001

(Continued)
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Table 1. (Continued.)

Family Subfainilv Specimen ID Locality

EMBLAccession

Numbers

12S Ref,

Rapa rape (Linnaeus, 1758) MNHNIM-2009-5109

BAUOOOS5
Panglao Island, Napaling

(Philippines), P,anc;lao 2004,

St. R19, 9°37' N, 123°46’ E,

2-54 mdepth.

FN.391980 This work

Ocenebrinae Nncella lapillus Linnaeus,

1758

BAU00187 Portobello (UK), 55°57' N 3°06'

W, intertidal

AJ293668 OM2001

Muricinae Hexaplex tninciihis

(Linnaeus, 1758)

BAU00.351 San Pietro Is. (Sardinia, Italy),

39°09' N, 008°12' E, .3-4 m
depth

AJ293669 OM2001

Muricopsinae Mtiricopsis cristata (Brocchi,

1814)

MNHNIM-2009-5117
BAU()()352

San Pietro Is. (Sardinia, Italy),

39°09' N, 008° 12' E, 3-4 m
depth

FN.391981 This work

Rapaninae Crania sp.l MNHNIM-2009-5118

BAU00619
Tolo Channel, Hong Kong,

22°27’ N, 114°16' E, 1 m
depth

FN.391982 Tins work

Crania sp.2 MNHNIM-20()9-5119

BAU0U1S8
Rarotonga (Cook Islands).

21°12' S 159°43' W, 12 m
FN.391983 This work

Fasciolariidae

Stranianita haernastatna

(Linne, 1767)

BAU00354 San Pietro Is. (Sardinia, Italy),

.39°09' N, 008°12' E, .3M m
depth

AJ293670 OM2001

Fasciolariinae Fasciola ria ligna tia

(Linnaeus, 1758)

BAU(X).350 San Pietro Is. (Sardinia, Italy),

39°09’ N, 008° 12’ E, .3-4 m
depth

AJ293682 OM2001

Figure 1 illustrates the tree recovei'ed from the Bayes-

ian analysis. As maximum likehliood ELWand bootstrap

values (bs) were identical to four decimal places, only the

bs are indicated on the tree, along with the bayesian poste-

rior probabilities (bpp). Monophyly of Cortilliophilinae was

well supported in both ML (100 bs) and BI analyses (100

bpp). A sister-group relationship with the Rapaninae,

represented in the tree by Stramonito hciemastoma, did

not receive high support, while Bl supported a closer

relationship of Coralliophihnae vrtth Muricopsinae (repre-

sented by Mtiricopsis cristata) than with any other muricid.

The internal arrangement of the coralliophilines in the

tree was characterized by the soiling of the species into

two well-supported clades: Glade A (93 bpp) included

Qiioijtila monoclonta, Babelomtirex lischkeamts. the endo-

biotic taxa {Rapa, Leptoconchiis)

,

and the Eastern Atlantic/

Mediterranean species usually included in Coralliophila;

Glade B (100 bpp, 100 bs) included tire remaining

CoraUiopJiila species, along with the taxa traditionally

ascribed to Latiaxis, Hirtomiirex, and Babelomtirex.

DISGUSSION

Goralliophilinae has been regarded (either explicitly or

implicitly) as a monophyletic group since Thiele (1929),

who erected the family Magilidae based on the absence

of jaws or a radula. Subsequent workers suggested other

characteristics (e.g., a long pleurembolic proboscis, ab-

sence of accessoiy salivaiy glands, absence of dorsal glan-

dular folds of the oesophagus, and fusion of the paired

salivaiy ducts into a single duct) as possible synapomor-

phies of Goralliophilinae (Gohar and Soliman, 1963;

Ward, 1965; Ponder, 1973; Massin, 1987, 1990; Kantor,

1995). Our present molecular analysis, with a signifi-

cant sampling of coralliophiline tiLxa for partial 12 S

rDNA sequences, strongly supports the monophyly of

Goralliophilinae (with high ELW, bootstrapped ML, and
bpp), substantiating the prelimiuaiy conclusions from

our pre\ious studies (Oliverio and Mariottini, 2001;

Oliverio et ak, 2002).

Harasewych et al. (1997) as w^ell as Oliverio and
Mariottini (2001) and Oliverio et al. (2002), reported a

sister group relationship between Goralliophilinae and

Rapaninae. In the present study, we failed to recover

this relationship. Instead, Muricopsinae and Ocenebri-

nae emerge as being more closely related to Goralliophi-

linae than did Rapaninae. However, given the level of

saturation of transitions at maximum likelihood distances

corresponding to inter-subfamilial comparisons, as well

as the poor taxonomic sampling of muricid subfamilies,

these results should be considered preliminaiy.

The results of the current analyses reveal that Goral-

liophilinae are resolved into two distinct clades (A and B
in Figure 1), each with high levels of support, confirm-

ing the preliminaiy indications by Oliverio and Mariot-

tini (2001) and Oliverio et al. (2002). Glade A includes

Qtioi/iila inonodonfa, Coralliophila clathrata, the endo-

biotic taxa {Rapa, Leptoconchn.'i), the deep-w^ater enig-

matic tuxon "Babelomtirex” Jisckeaniis, and the Eastern
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99

Fasciolaria lignaria

Hexaplex trunculus

87
100
99

Stramonita haemastoma

Crania sp, 1

Crania sp. 2

91

96

Nucella iapiilus

Muricapsis cristata

81

Clade A,

0.1

100

100

93

98
85

76
52'

50

89L

73

73L
100l~
I00\r

100. :

100

Quayula manadanta O
Caralliaphila ciathrata O

Leptacanchus sp.

Rapa rapa O
Caralliaphila brevis O

Babelamurex iischkeanus |
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Figure 1. Haye.sian tree, portraUng phylogenetic relationsliip.s among the a.s.sayeci .species. Numbers at the node are Bayesian

postc'rior prol)ahilities (11,2.50 trees) ami nuLximum likelihood bootstrap supports (lOOO replicates; in italic). The star indicates the

hrandi leatling to the monophyletic Coralliophilinae. Symbols: , deep water species; , shallow water species.

Atlantic/Mediterranean .species usually included in Cor-

allioj>hila. The positions ot the endohiotic Lcpioconchus

sp. and Rapa rapa in the tree sugge.st that endohiosis

may have originated at lea.st twice in this group, a unpar-

siinoiiious hypothesis to he lurtlier tested. Lcptoconchus

species are endoparasites ol I lexacorallia, while Rapa
species live within solt corals (Octocorallia). Quoiptla

mouoiloula leeds upon Scleraclinia and Coralliopliila

riaihrala on Zoanthidt'a. We inlei' that this clade had its

origins as ectopara.sites ol shallow water hexacorals, with

a single ascertained shift to octocorals (Rapa), hvo adap-

tations for endohiosis, and at least one colonization of

deep water habitats (“/I." Ii.sckeami.<;).

Clade B includes all the renuiining coralliophiline spe-

cies in our study. The clo.se, sister group relationship (100

hs, 100 hpp) hetxveen Latiaxis liaiia.shii and L. jtilshriji

supports the niouophyly of the genus Latiaxis seusu stricto

(the type species, L. mawae, was not included in the anal-

ysis.) I lowever, the nionophylies of the widely used genera

CoraUiophila and Raheloamrex are not supported.
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Oliverio and Mariottini (2001) and Oliverio et al.

(2002) suggested that the genus C'oralliophila, as nsnallv

understood, may he poKphyletie. The t\pe speeies o(

Coralliopitila, C. viohicca, lorins a pair with the inor-

phologically similar, Indo-Paeilie C. radula, and, with

another pair (C. J)nlJ)ifomis and C. costiilaiis), are in-

cluded in a clade predominated hy eleven species ol

Bahcloinnrcx. Two other species, the Caribbean C. car-

ilxiea and tlie Indo-Pacific C. crosa, belong in Clade B.

Most ol the .species nsnally included in CoraIlio})hiIa s.l,

are in clade B. We urge the need lor a re-delinition ol

the genus Coralliophila, and for a restriction ol its use.

For the other species traditionally included in Corallio-

pliila there is a long list ol names, potential candidates lor

the other lineages (e.g., Pseiidoiniircx Vlontennsato, 1872).

The type species oi Bahchwmrex, the ea.stern Atlantic/

Mediterranean B. cariidfcriis, emerges as the sister ta.\-

on ol the West African B. hcntai'di, a relationship well

supported by shell morphology^ Both species Iwe in slial-

loyv yvaters. Alost ol the remaining species assigned to

the genus BaI)eIoinurcx form a yvell delined clade

(B. sj)iiu>siis, B. diadema, B. it(d<aiiasiii. B. annatus,

B. i/iimiiitaniinai, B. ciistafiis, B. p^cmmatiis and B. j)r'm-

ccps), of deep-y\'ater Indo-Pacihc species that do not

appear to be monophyletic with the type species of

BaheloDwrex. This group is likely the result ol an inde-

pendent radiation lolloyving the shift to a deep-yyyiter

habitat by a shallow water ancestor. Other species of

Babeloiniircx, B. deI)iiroJuae, B. i/aiiialocnsis, and even

B. amalidc, lorm an unresolved poK'tomy yvith this clade.

In addition, species presently assigned to Hii-tonitircx

and Latiaxis liy'e in a deep yvater habitat, representing

possible additional deep-yyyiter colonization/radiation

events y\dthin Coralliophihnae.

Cf)nsidering the global pattern of bathymetric distri-

bution (~75% ol known coralliophiline species in deep
waters), a likely hypothesis for the coralliophiline radia-

tion im'oly/es multiple colonizations ol deep-yvater habi-

tats, yydth many or most resulting in adaptiy'e radiations.

Unfortunately, the y'eiy limited information on the host

associations of deep yvater Coralliophihnae (e.g., Taviani

et ak, 2009) is an impediment to a clear understanding

of the factors involved in such radiations.

ACKNOWLEDGMENTS

Weyydsh to thank the organizers ol die WCM2007, and

particularly Jeny Haraseyyych and Ellen Strong for

haying organized the syanposium "Neogastropod Ongins,

Phyiogeny, Evolutionaiy Pathyvays and Mechanisms."

Thanks to Pfiilippe Bouchet tor inviting MOto participate

in the Panglao 2004 and S.anto 2000 expeditions, and tor

making ayailable tlie materials from the deep yvater

dredging crnises in the Soutlwest Pacific. Richard

Kilburn and Dai Herbert (Pietermaritzbntrg, South

Africa) John D. Taylor (London, U.K.), Roberto Ardoydni

(Rome, Italy) and Baldomero Olivera (Salt Lake City,

USA), proy'ided n.sefnl samples. Partial funds by the

BiorxiHAL project (Alini.stiy of Environment) to MO.

LITERATURE CITED

Felsenstein.
J.

1981. Evolutiiman' trees from DNAse([ueiices:

a niaximum likelihood appioach. lournal ol .Moleciilai'

Evolution 17: 368-.'37fi.

Collar, H.A.F. and C.N. .Soliman. 196.3. On the biology' of

three coralliophilids boring in li\'ing corals. Ihihlieations

ol the Alarine Biological Station, Al Charda((a, Bed Sea,

12: 99-126.

Ililli.s, F).M. and C. Moritz, C. (eds.) 1990. Molecular Systeni-

atic.s. Sinaner, Sunderland, .588 pp.

lohh, G. 2007. Treefinder. Inne 2007 Version. Munich, Cennany'.

IDistribnited by the author at htt|i://yyAy'\v.treehnder.de.

Kantor, Yn. 1. 1995. On the inoiphologv of tlie digestive .sy'.stein

of iMiiaxis {Bahcloiniircx) { Ga,stropoda, Coralliopliilidae)

witli notes on the phyiogeny of the tainily. Rntlienica 5: 9-15.

Kiiinar, S., K. Tainnra, and M. Nei. 2004. MECA.3: Integrateil

softyy'are tor Molecular Evohitionan' Genetics Analysis and

sequence alignment. Brielings in Bioinformatics 5: 150-163.

Larget, B. and D.L. Siinoii. 1999. Markov Chain Monte Carlo

Algorithms lor the Bav'esian Analysis ol Phylogenetic

Trees. Molecular Biology' and Ey'olntion 16: 7.50-7.59.

.Mariottini, R, C. Smriglio, and E. Rolan. 2005. Comlliopliila

tri^oi (Gastropoda: Mnricitlae), a neyv species Iroin the

northeastern Atlantic Ocean. The Nautilus 119: 109-115.

Marshall, B.A. and M. Oliverio. In press. Tlie Recent Corallio-

philinae of the Neyv Zealand region, yy'ith descrijitions of

tyy'o new species (Gastropoda: Neogastropoda: Mnricidae).

Molhiscan Researc h.

Massin, C. 1987. Beli((iiiaecava, a new genus of Goralliophili-

dae (Alollnsca, Gastropoda). Bulletin de I Institnt Royal

de Sciences Natnrelles de Belgiipie, 57: 79-90.

Massin, G. 1990. Biologic et ecologie de Lcpfocoiicliiis pcroiiii

(Lamarck, 1818) (Gastropoda, Goralliophilidae) recolte

en Papouasie Nonvelle-Giiinee, av’cc nne redescription

de fespece. Bulletin de 1 Institnt Royal de Sciences Nat-

nrelles de Belgique 60: 2.3-33.

Nichols, S.A. 2005. An evaluation ol support for older-level

monopliyly and interpretations! lip yy'ithin the class

Demospongiae using partial data Irom the large snbiniit

i DNAand cvtochronie oxidase snhimit 1. Molecular Phy-

logenetics and Evolution .34: 81-96.

N)laii(ier, f.A.A. 2004. MnVIodeltest v2. Program distrihnited

hy the antlior. EvolntionaiA' Biology' Centre, lljipsala

Uniy'ersitv.

Oliverio, M. 2008a. Coralliophihnae (Neogastropoda: .Mnricidae)

troin the sontlnvest Pacilic. In: Herns, V, R.ll. Goyy'ie, and

P. Bouchet (eds.). Tropical Deep-Sea Benthos 25. Menioires

dll .Mirsenm national d llistoire natnrelle 196: 481-585.

Oliverio, M, 2008b, Goralliophilinae (Neogastropoda: Mnrici-

tlae) from the Mar(|iiesas Islands, yonrnal of Gonchology

.39: 569-584.

Oliy'erio, Al. In press. Coralliophiline diversity- at Austral

Islands (Neogastropoda: AInricidae). Zoo.sy'stema.

Oliverio, M., Al. Cen'elli, and P. Alariottini. 2002. ITS2 rRNA
evolution and its congruence yy'ith the phy iogeny ol niiir-

icid neogastropotls (Gaenogastropoda, .Mnricoidea). Mo-
lecular Phy logenetics and F) volution 25: 6.3-69.

Oliverio, Al. and P. Alariottini. 2001. A molecular Irameyvork

for the phyiogeny Condliopliila and related miiricoids

Journal of Alollnscan Studies 67: 21,5-224.

Philippe, IP, U. Sorliamins, A. Baroin, R. Perasso, F. Gasse,

ami A. Adoiitte. 1994. ((oniparison of molecular and pale-

ontological data in diatoms suggests a major gap in the

lossil record. Journal ol Fivolntionan' Biology' 7: 247-265.



Page 120 THE NAUTILUS, Vol. 123, No. 3

Ponder, W. F. 1974. The origin and evolution of the Neogastro-

poda. Malacologia 12: 295-338.

Posada, D. and K.A. Crandall. 1998. Modeltest; testing the

mode of DNAsubstitution. Bioinlbrinatics 14: 817-818.

Richter, A. and A. A. Lnqne. 2002. Current knowledge on Cor-

alliophilidae (Castropoda) and phylogenetic implication of

anatomiciil and riprotluctive characters. (In:) Oliverio, M.

and R. Chemello (eds.) Systematics, Phylogeny and Biolog)'

of the Neogastropoda. Bollettino Nhilacologico, Snpple-

mento 4: 5-lS.

Romjnist, F, and J.P. Huelsenbeck. 2003. MrBayes 3: Bayesian

phylogenetic inference under mi.\ed models. Bioinformat-

ics 19? 1572-1574.

Strimnier, K. anti A. Rambaut. 2002. Inferring confidence sets

of possibly misspecified gene trees. Proceedings of the

Royal Society Part B, 269: 137-142.

Swofford, D.L. 2002. PAUP*. Plnlogenetic Analysis Using

Parsimony (*and Other Methods), Version 4lil0. Sinaner

Associates, Sunderland, Massachusetts.

TaMani, M., L. Angeletti, M. Dimech, C. Mifsud, A, Freiwald, M.

G. Harasewych, and M. Oliverio, 2009. Coralliophilinae

(Mollusca: Castropoda) associated w-ith deep-water coral

hanks in the Mediteminean. The Nautilus 123: 106-112.

Thiele,
J.

1929. Ilandbnch der Systematischen Weichtier-

kunde 1 (!) G. Fischer, Jena, 376 pp.

Thompson, J.D., T.
J.

Gibson, F. Plewniak, F. Jeamnougin, and

D.G. Higgins. 1997. The ClustalX wnndows interface:

flexible strategies for multiple sequence alignment aided

by quality analysis tools. Nucleic Acids Research, 25:

4876-4882.

Ward,
J.

1965. The digestive tract and its relation to feeding

habits in the stenoglossan prosobranch Coralliophila

(ihbreviata (Lamarck). Canadian Journal of Zoology 43:

447-464.

Yang, Z. and B. Rannala. 1997. Bayesian phylogenetic in-

ference using DNA sequences: a Markov chain Monte
Carlo method. Molecular Biology and Evolution, 14:

717-724.


